INTRODUCTION
Several years ago, Steven Pinker proposed his Dual-Mechanism Model (DMM) (Pinker & Prince, 1994) , which has since inspired much work on the mental representation of inflection. The DMM advocates a dualistic approach to inflection by proposing that the representations and mechanisms involved in the processing of regular and irregular inflectional forms are fundamentally different. According to the DMM, irregular forms are stored as fully inflected forms in the mental lexicon, whereas regular inflection is rule based and applies by default whenever a stored irregular form cannot be retrieved from the mental lexicon. The identification of regular inflection with default inflection is one of the central claims of the DMM. The aim of this study is to challenge this specific claim of the DMM. We present data from an elicitation task with agrammatic Broca's aphasics and from a lexical decision task with unimpaired subjects. Both data sources, lexical decision tasks and the investigation of language disorders, have repeatedly been used to provide evidence for a qualitative distinction between regular and irregular inflection by proponents of the DMM (e.g., Clahsen, 1999; Clahsen & Almazan, 1998; Marslen-Wilson & Tyler, 1997; Ullman et al., 1997) . We show that the results from these two experiments provide converging evidence against the DMM's assumption that regular inflection equals default inflection. Specifically, we want to suggest that, besides default inflection, we have to assume a second type of regular inflection, namely regular inflection, that requires a specific input and thus is input restricted.
German plural inflection is an ideal field to investigate this issue. Plural nouns in German are marked by four different endings-the marker -e (Tisch-Tische [tables] ), the infrequent marker -er (Kind-Kinder [children] ), the most frequent marker -n (Blume-Blumen [flowers]), and the infrequent marker -s (Auto-Autos [cars])-or they can remain unmarked (Ritter-Ritter [knights] ). In addition, unmarked plurals and plural forms on -er and -e can show umlauting of back stem vowels.
1 In contrast to the other plural markers, -s is special in that it is the only marker that allows for monosyllabic plural forms such as Parks (parks), is relatively free in its phonological distribution (blocked only after sibilants), and occurs with nouns of any gender. All other plural forms are restricted to particular morphophonological contexts, strongly dependent on gender, and subject to a prosodic constraint that requires the plural form to end in a reduced syllable, that is, an unstressed syllable with schwa or a syllabic sonorant (Neef, 1998; Wiese, 1996) . In addition, despite its low frequency, -s is very productive in German. As shown by Marcus, Brinkmann, Clahsen, Wiese, and Pinker (1995) ). Even though the plural marking of nouns is affected by gender and phonological constraints, the system shows a number of idiosyncracies. It is not surprising, therefore, that the complexity of this system has led to considerable debates focusing on the question as to which of these plural forms are regular and which are stored as irregular idiosyncratic forms.
Recently, Clahsen and associates have adopted the DMM to capture German plural formation (Clahsen, 1999; Clahsen, Eisenbeiss, & Sonnenstuhl, 1997; Marcus et al., 1995; Sonnenstuhl, Eisenbeiss, & Clahsen, 1999) . Based on the high productivity and phonological unrestrictedness of the marker -s and on results from a range of psycholinguistic experiments in which -s proved to behave differently from other plural markers, especially -er (for a detailed review, see Clahsen, 1999) . They suggest that -s is the default plural in German and thus the only form whose application is rule based. All other noun plurals are assumed to be irregular and stored as fully inflected forms in the mental lexicon in this account. The somewhat counterintuitive suggestion that -s as the least frequent plural marker should be the only regular one, while about 93% of all plural forms should be stored (cf. Clahsen, 1999) , has led to some controversies centering on the argument that there are other classes of nouns for which plural marking is predictable and hence regular (cf. Dressler, 1999; Indefrey, 1999; Wiese 1999; Wunderlich, 1999) . Moreover, this issue has not been systematically studied by Clahsen and his associates, as most of their experiments tested -s plurals in relation to clearly irregular plurals, especially -er plurals.
2 In the following, we address this issue by empirically testing whether or not the default 1 Umlaut is predictable for -er plurals but is not for unmarked plurals or plurals on -e (cf. Wiese, 1996) .
2 This issue was addressed only in the ERP study of Weyerts, Penke, Dohrn, Clahsen, and Münte (1997) , which investigated whether or not -n nonfem and -n fem plurals should be uniformly treated as stored irregular forms. In this study, ERPs for correct -n plurals and for -n plurals incorrectly suffixed with -s (e.g., *Muskels, *Blumes) were recorded. For both types of -n plurals, the incorrect suffixation with -s resulted in an ERP effect called LAN (left anterior negativity), which has generally been associated with incorrectly applied affixation. Weyerts et al. argued that the similar LAN suggests a uniform representation for both types of -n plurals. However, the similar ERP effect might not provide sufficient evidence for a uniform representation of -n nonfem and -n fem plurals. Rather, it might also be due to the fact that in both cases, stored -n nonfem plurals and regular -n fem plurals, the incorrect substitution with -s leads to a regularization with the default marker.
-s plural should be regarded as the only regular plural marker as predicted in the DMM. A good test case is noun plurals on -n. According to the DMM on German plural formation, all plurals on -n are stored as fully inflected forms in the mental lexicon. Note, however, that the plural marker -n is completely predictable for feminine nouns that end in schwa in the singular (Blume-Blumen [flowers]) (henceforth -n fem ). Contrary to the assumptions of the DMM, it has therefore been suggested that the -n marking on these nouns is based on a process of regular affixation (e.g., Bittner, 1994; Wiese, 1996; Wunderlich, 1999) . In contrast to the predictable -n marking for feminine nouns, the -n marking is not predictable for masculine or neuter nouns not ending in schwa in the singular (Muskel-Muskeln [muscles]) (henceforth -n nonfem ) and is therefore assumed to be stored (e.g., Wiese, 1996; Wunderlich, 1999) . We present data on German -n plurals that suggest that noun plurals on -n fem -although clearly not the German default plural-result from a process of regular affixation.
ELICITATION OF -n PLURALS IN BROCA'S APHASIA
The investigation of impaired language has been a central cornerstone for the postulation of a qualitative distinction between regular and irregular inflection (e.g., Pinker, 1999) . According to standard argumentation in cognitive neuroscience, a deficit selectively affecting only one type of inflection (regular or irregular), while leaving the other one unimpaired, provides evidence that the mental representations and mechanisms underlying the two types of inflection are qualitatively distinct (e.g., Caramazza, 1986; Shallice, 1988) . For this argument to apply, one single patient displaying the relevant dissociation is sufficient (Caramazza, 1986) . Indeed, previous research has shown that agrammatic Broca's aphasia can be accompanied by selective deficits of regular or irregular inflection (cf. Ahlsen, 1994; Cholewa & De Bleser, 1995; Marslen-Wilson & Tyler, 1997; Ullman et al., 1997) . A dissociation of the two types of inflection has also been observed in German agrammatic aphasics. In a study eliciting regular and irregular German participles, 8 of the 11 tested agrammatic subjects showed a clear dissociation between impaired irregular and intact regular participles (Penke, Krause, & Janssen, 1999) . The observation of selective deficits in German irregular participles allows us to test the assumption of the DMM that both types of -n plurals are stored irregular forms. If this assumption were correct, then there should be no single case where the agrammatic disorder selectively affects only one type of -n plural. Instead, the deficit should affect both types in a similar way, and therefore error rates for -n nonfem and -n fem plurals should not differ.
Method
We elicited noun plurals from 8 German Broca's aphasics with agrammatic speech production (3 females and 5 males, ages 23-67, mean ϭ 49). All subjects were right-handed native speakers of German who did not have any language problems prior to aphasia. All subjects had evinced aphasia secondary to a left hemispheric cerebrovascular accident at least 3 years before our investigation and had a stable aphasic disorder by the time of our investigation. Broca's aphasia was classified by the standard Aachen Aphasia test battery (Huber, Poeck, Weniger, & Willmes, 1983) . Moreover, all subjects displayed agrammatic speech production according to the criteria by Menn and Obler (1990, p. 14) : Free or bound grammatical morphemes were often omitted or replaced by unmarked forms (i.e., infinitives or nominative noun forms), and syntactic complexity was limited.
Subjects had to complete a short phrase consisting of a given singular noun such as 1 Kind (1 child) with the respective plural form, as shown in (1). The noun phrases were presented visually on cards placed before the subjects and read out aloud together with them.
FIG. 1.
Error rates for -n nonfem and -n fem plurals.
(1) 1 Kind 2 (1 child, 2 )
We elicited 20 noun plurals for each of the plural markers -s, -e, and -er and 40 plural forms on -n (20 -n plurals for feminine nouns ending in schwa [-n fem ] and 20 -n plurals for masculine or neuter nouns not ending in schwa [-n nonfem ] ). For the purpose of this article, we concentrate on the results for the two types of -n plurals only.
3 To test for frequency effects, the test material contained 10 frequent and 10 infrequent plural forms for both types of -n plurals. The mean frequencies were 7.9 for infrequent -n nonfem forms, 7.6 for infrequent -n fem forms, 110.9 for frequent -n nonfem forms, and 109.3 for frequent -n fem forms (frequency information according to the CELEX database (Baayen, Piepenbrock, & van Rijn, 1993) ). In addition to the test items, subjects had to transform 108 given 1. person singular present tense verbs into participles. The 100 test items and the 108 verbs serving as fillers were presented randomly after a short practice phase. Subjects' performances were audiotaped, transcribed, and checked twice. All forms not overtly marked as noun plurals (i.e., forms not marked with any of the German noun plural markings) were excluded from further analysis. In total, we elicited 314 analyzable -n plurals from the subjects.
Results
Figure 1 presents the error rates for both types of -n marking. For each subject, the dark bars give the percentage of errors that occurred with -n nonfem plurals and the light bars that with -n fem plurals. Error rates were calculated in relation to the total number of analyzable -n nonfem and -n fem plurals. For 4 of the subjects (J.Z. to M.B.), the data indicate no significant differences between the error rates for -n fem and -n nonfem plural types. However, 4 of the subjects show significant differences in error rates between the two types of -n plurals (χ 2 , p Ͻ .05 each). For each of these 4 subjects, plurals on -n nonfem are significantly more impaired than plurals on -n fem . Moreover, the data of subjects H.R., W.W., and M.B. show that -n nonfem plurals can be impaired, whereas -n fem plurals are not affected at all. 4 These data provide evidence that -n nonfem plurals and -n fem plurals can be affected differently in agrammatism, thus pointing to a qualitative distinction between these two types of -n plurals.
Additional evidence against a unitary analysis for the two types of Ϫn plurals comes from an analysis of the frequency distribution of errors. The access of stored lexical forms is influenced by word form frequency. Investigating the frequency distribution of errors in the production of regular and irregular German participles, Penke et al. (1999) found that infrequent irregular forms are more error prone in agrammatism than are frequent irregular forms, while regular forms did not show any frequency effects. This leads to the following prediction: If both types of -n plurals were stored irregular forms, then the frequency distribution of errors should reveal frequency effects for both markings. Figure 2 presents the frequency distribution of errors for the two types of -n plurals summarized for all subjects. The data show a frequency effect for -n nonfem plurals: Errors occur more often with infrequent forms than with frequent ones (Wilcoxon, p ϭ .068). By contrast, there is no frequency effect for -n fem forms (Wilcoxon, p ϭ .58). Error rates for frequent and infrequent forms both are about 22%. Thus, the frequency distribution of errors suggests that only -n nonfem plurals, but not -n fem plurals, are stored as fully inflected forms in the mental lexicon.
In sum, the differences in error rates between -n fem and -n nonfem plurals provide evidence that the two types of -n marked forms can be affected differently in agrammatism. Moreover, the frequency distribution of errors indicates that only -n nonfem plurals are stored as fully inflected forms in the mental lexicon. Our data thus argue against the DMM that assumes a uniform representation as stored irregular forms for both types of -n markings.
-n PLURALS IN A LEXICAL DECISION TASK
To provide further evidence against the assumption that both types of -n plurals are stored irregular forms, we conducted a lexical decision experiment (LDE) with unimpaired subjects. In an LDE, subjects have to decide as quickly and accurately as possible whether a presented item is an existing word or not. The reaction time (RT) required to fulfill this word-nonword discrimination task is measured. Several studies have shown that lexical decision times are affected by frequency (for a review, see Balota, 1994) ; that is, subjects take less time to decide that a frequent item is an existing word than they take for infrequent words. This effect reflects the assumption that memory traces get stronger with each exposure, making frequent forms more easily accessible than infrequent ones. The lexical decision technique has been used to provide evidence for a dualistic distinction between regular and irregular inflected forms (cf. Clahsen et al., 1997) . According to the DMM, irregular forms should show effects of word form frequency in an LDE since only irregular forms are stored as fully inflected forms in the mental lexicon. Regularly inflected forms, by contrast, are not stored but are formed by a process of affixation and should therefore not be subject to word form frequency effects in LDEs. Clahsen et al. (1997) used an LDE to investigate the German noun plural system, testing whether lexical decision times for -s plurals and -er plurals would reveal an influence of word form frequency. Considering the plural marker -s to be the only regular affix, they expected only the lexical decision times for the irregular -er plurals-but not the RTs for the regulars plurals-to be affected by word form frequency. As predicted, Clahsen et al. found a strong frequency effect for -er plurals, as RTs were significantly shorter for frequent -er plural nouns than for infrequent -er plurals. By contrast, nouns with -s plurals produced similar RTs, irrespective of whether the tested plural forms were high or low in frequency. Because this technique has proven viable in exploring differences between regular and irregular inflection, we adopted it to test our finding that only -n nonfem plurals but not -n fem plurals are stored irregular forms.
Method
We selected 160 plural nouns from the CELEX database (Baayen et al., 1993) to construct four sets of plural pairs. The sets consisted of 20 pairs of nouns for each of the four plural markings: -s, -er, -n fem , and -n nonfem . The plural forms of each pair were matched for the number of syllables and for their word frequency. The word form frequency of the plural forms, however, differed: Whereas one noun of the pair had a low plural form frequency, the other had a high plural form frequency. Thus, for instance, the 2 nouns of the pair Nasen (noses) and Flaschen (bottles) have a similar word frequency: 211 for Nase and 216 for Flasche. They differ, however, in their respective plural form frequencies; while the frequency for the plural form Nasen is low (ϭ 15), the plural form Flaschen is about four times higher (ϭ 62). This pairing allows one to directly test effects of plural form frequency while controlling for effects of word frequency. Table 1 gives the relevant information on plural form frequency and word frequency for the four different sets of items. On average, the mean plural form frequencies for frequent plural forms were about four times higher than those for infrequent plural forms. In addition to the test items, we constructed 160 pseudowords with different plural endings. All items were randomized, making sure that not more than 3 items of the same type occurred in sequence and that no semantic associations existed between consecutive items. The whole lexical decision experiment consisted of 320 items that were presented auditorily.
We tested 16 unimpaired, right-handed native speakers of German (10 males and 6 females, mean age 56 years). None of the subjects had a deficit in hearing. Subjects were tested individually after a detailed instruction and a short practice phase. We used a go/no-go procedure asking subjects to press the button of the response box only if what they heard was an existing German word. The test items were presented in four blocks of 90 items (including 10 training items at the beginning of each block).
5
The presentation of the stimuli and the measuring of reaction times were controlled by the NESU software package (Baumann, Nagengast, & Klaas, 1993) .
Wrong answers and extreme RTs were not included in the data analysis. Moreover, as we compared lexical decision times for pairs of noun plurals, whenever one part of a pair had to be excluded from the data set, the other part of the pair was discarded too. In sum, 10% of the data (256 of 2560 reactions) were excluded from statistical analysis. Mean RTs for frequent and infrequent plural forms were then computed for each of the 16 subjects and for each plural marking. To compare these means, paired 
Results
First, we wanted to replicate the findings of Clahsen et al. (1997) concerning plurals on -er and -s. We therefore compared the mean RTs for frequent and infrequent plural forms on -er and -s. Figure 3 shows a strong frequency effect for -er plurals: RTs for frequent -er plural nouns are significantly shorter (53 ms) than those for infrequent -er plural forms, t ϭ 3.866, df ϭ 15, p ϭ .002. By contrast, -s plurals show no effects of word form frequency: RTs for infrequent (926 ms) and frequent (929 ms) -s plurals do not differ, t ϭ Ϫ.228, df ϭ 15, p ϭ .823.
6 These results confirm the findings of Clahsen et al.'s study and provide additional evidence that irregular plurals on -er, but not the default -s plurals, are affected by word form frequency effects caused by the access to stored irregular forms.
We then used the results on -er and -s plurals as a test case to explore the status of the two different types of -n plurals. Because the DMM considers both types of -n plurals to be stored irregular forms, the RTs for both -n nonfem and -n fem plurals should reveal effects of plural frequency. If, however, the -n marking on -n fem plurals is based on a process of regular affixation, as suggested by our findings in the aphasics' data, then we would expect to find a frequency effect only for -n nonfem plurals but not for -n fem plurals. Figure 3 demonstrates a strong frequency effect for -n nonfem plurals: RTs for frequent -n nonfem plurals (863 ms) are significantly shorter (46 ms) than those for infrequent -n nonfem plurals (909 ms), (t ϭ 6.188, df ϭ 15, p ϭ .000. By contrast, -n fem plurals take similar RTs, irrespective of whether the plural form is frequent (878 ms) or infrequent (870), t ϭ Ϫ.912, df ϭ 15, p ϭ .376. Again, the different effects in RTs in this experiment argue against a uniform representation of -n nonfem and -n fem plurals, as assumed in the DMM account on German plural formation. Specifically, these results indicate that only -n nonfem plurals but not -n fem plurals are irregular forms and thus stored as fully inflected forms in the mental lexicon.
SUMMARY AND CONCLUSION
The aim of our article was to test one central claim of the DMM, that is, that regular inflection equals default inflection. For German plural formation, this would predict that all German noun plurals other than -s are stored irregular forms. We presented data from an elicitation task with agrammatic aphasics and an LDE with unimpaired subjects. Both types of data sources have previously been used as evidence for a dualistic distinction between irregular inflection and regular default inflection. Selective impairments of one type of inflection are generally seen as evidence for the assumption that these two types of inflection are qualitatively distinct. In LDEs, the lack of a word form frequency effect for regular forms has been interpreted as evidence against a full form storage of regular inflectional forms. We used both types of data sources to explore the status of two types of -n plurals in German: unpredictable -n nonfem plurals and predictable -n fem plurals. Our data show that -n nonfem plurals and -n fem plurals are affected differently in agrammatism. Moreover, a frequency effect in error rates can be observed only for -n nonfem plurals but not for -n fem forms. A similar finding results from an LDE with unimpaired subjects where only RTs for -n nonfem plurals yielded a frequency effect. Taken together, all three findings indicate that only -n nonfem plurals but not -n fem plurals are stored irregular forms. Thus, our findings provide evidence against a uniform treatment of the plural markers other than -s as stored irregular forms, as proposed in the DMM on German plural formation. Moreover, our data indicate that there is more to inflectional systems than the simple default-irregular distinction assumed in the DMM: -n fem plurals are not stored irregular forms, as shown by our data analysis, nor is the -n marking on feminine nouns the default marker for German plural formation according to the criteria listed in Marcus et al. (1995) since it is restricted to a particular class of German nouns, that is, feminine nouns that do not show umlaut. Thus, although our data provide evidence for a qualitative distinction between regular and irregular inflection as proposed in dualistic models of inflection, the data argue against the identification of regular inflection and default inflection assumed in the DMM. Instead, our data suggest a division of regular inflection into default inflection and regular inflection that requires a specific input and thus is input restricted. The status of -n fem plurals as a kind of input-restricted regular inflection is well captured by the analysis in Wunderlich (1999) , where plurals on -n fem are built by regular affixation of a suffix that requires a non-umlauting feminine noun and adds the information [ϩ plural] (for similar suggestions along this line, see Dressler, 1999; Indefrey, 1999; Wiese, 1999) . All information required for the input restriction is provided by substantial properties of the stem, such as gender and phonological shape, so that no arbitrary class features have to be postulated.
In summary, the data on German plural formation indicate that, contrary to the assumptions of the DMM, regular inflection is not necessarily identical to default inflection. To capture the German data, we have to assume a division between regular but input-restricted inflection and regular default inflection that applies only when lexical look-up fails and the input conditions of input-restricted regular inflection are not fulfilled.
